Four new purine analogues (nigricines 1 -4) have been isolated from the Indonesian marine sponge Petrosia nigricans. The structures were elucidated by extensive 2D-NMR spectroscopic experiments and mass spectrometry.
Marine sponges of the genus Petrosia are known as prolific sources of diverse bioactive natural products and are known to be rich in polyacetylenic compounds [1, 2] , unusual bioactive steroids and steroidal sulfates acting as antivirals or anti-inflammatory compounds [3] . So far, numerous alkaloids have been isolated from members of the genus Petrosia belonging to various subclasses, including manzamines [4] , mimosamycins [5] , cardioactive pentacyclic hydroquinones [6] , dihydroisoquinolines [7, 8] , pentacyclic pyridoacridines [9] , 3-alkylpyridinium polymers [10] , bis-quinolizidine alkaloid [11] and dihydrotubastrines -phenethylguanidine alkaloids [12] . Additionally, a Petrosia-derived fungal strain, Penicillium brevicompactum, was reported to produce cyclodepsipeptides [13] .
In the present study, investigation of the ethylacetate fraction of the Indonesian sponge Petrosia nigricans, which was collected from Pulau Baranglompo, Indonesia, afforded four new purine derivatives named nigricines 1 -4. Their structures were established by extensive spectroscopic analysis, including 2D-NMR experiments, ESI/MS and HRFTESIMS-Orbitrap experiments. To the best of our knowledge, this is the first report of naturally occurring purine derivatives with an alkyl-3-(3,9dihydro-3,9-dimethyl-2-oxo-2H-purin-6-ylamino) propanoate skeleton.
Nigricine 1 (1) was the key structure for this group of purine derivatives. The HRFTESIMS + was in agreement with the molecular formula C 14 was characteristic of the loss of a N=C=O fragment due to retro Diels-Alder cleavage of N-1/C-6 and C-2/N-3, which is characteristic for 2-oxopurines [14] . The presence of a fragment ion peak at m/z 180 indicated the 3,9-dimethyl isoguanine skeleton after the loss of the side chain. The UV spectrum of 1 showed absorption λ max (MeOH) at 210 and 290 nm.
The 1 H NMR spectrum (Table 1) [15] [16] [17] [18] [19] .
The presence of only one exchangeable triplet signal at δ 7.73 for 6-NH suggested a 6-derivatized adenine structure, while the methyl signals at δ 31.0 and 34.2 showed characteristic 13 C chemical shifts for NCH 3 resonances and excluded the presence of a OCH 3 group, which would have been expected at lower field (between 50-60 ppm). The chemical shifts of this purine analogue are comparable to those of the previously described marine-derived purine compound erinacean, which was obtained from the Antarctic sponge Isodictya erinacea [20] . The β-propionyl chain was detected by sequential COSY correlation between the proton signals at δ 7.73, 3.91, and 2.62 of 6-NH, β-CH 2 , and α-CH 2 of the propionyl group, respectively. The presence of an alkoxy group was observed through a sequential correlation between four aliphatic proton signals at δ 4.08 (2H, t, CH 2 ), 1.57 (2H, m, CH 2 ), 1.31 (2H, m, CH 2 ) and 0.89 (3H, t, CH 3 ); the connection of this substructure to the purine skeleton was established through HMBC correlation between α-CH 2 at δ 4.17 and the carboxyl at δ 171.3. Confirmation of the positions of both N-methyl groups was obtained from HMBC correlation of both methyl units to a quaternary carbon at δ 141.5 (C-4). The N(3)-CH 3 group showed a correlation to the carbonyl at δ 154.9 (C-2), while N(9)-CH 3 correlated to the methine carbon at δ 139.1 (C-8). Furthermore, the ROESY experiment showed nOe correlations between both methyl signals. Thus, the existence of N(7)-CH 3 was ruled out. The methine proton signal H-8 exhibited HMBC correlations to both quaternary carbon at δ 141.5 (C-4), and 115.0 (C-5). The remaining carbon in the purine skeleton, C-6, was also established through its correlation with the NH signal at δ 7.73 to a quaternary carbon signal at δ 153.6 (C-6). In addition, HMBC experiment showed a correlation of both α-and β-CH 2 groups to the carboxyl at δ 171.3. The attachment of this group to the purine skeleton was evident through HMBC correlation between a β-CH 2 proton signal and the quaternary carbon at δ 153.6 (C-6).
Both the MS fragmentation pattern and NMR spectra corroborate the proposed structure and established the identity of 1 as butyl-3-(3,9-dihydro-3,9dimethyl-2-oxo-2H-purin-6-ylamino) propanoate.
To the best of our knowledge, this is the first report of 1 as a natural product. Furthermore, this is the first report of a 2-oxo-3,9-dimethylpurin-6-ylamino derivative, which we assign the trivial name nigricine 1. (Table 1) showed chemical shifts comparable to those of nigricine 1, with the exception of a loss of two CH 2 units from the terminal alkoxy moiety. This shortening of the alkoxy chain was confirmed from its COSY spectrum in comparison with 1, while analysis of its HMBC spectra gave identical long-range correlation data to those of compound 1. Compound 2 was elucidated as ethyl-3-(3,9-dihydro-3,9-dimethyl-2-oxo-2H-purin-6-ylamino)propanoate, and was assigned the trivial name nigricine 2. Marine organisms, particularly sponges have proven to be an exceptionally rich source of modified nucleosides and other purine congeners. A subtle change in chemical structure in an analogue exhibited specificity in their modes of action. The isolation of spongouridine and spongothymidine from Cryptotethia crypta [23] served as models for the development of adenine arabinoside (ARA-A) for treatment of Herpes simplex infection, and cytosine arabinoside (ARA-C) for the treatment of leukemia [23] . Subsequent development of antiviral analogues demonstrated the potential medicinal importance of these compounds, such as antifungal phidolopine, which was isolated from the bryozoan Phidolopora pacifica [24] , the hypotensive doridosine, which was obtained from the sponge Tedania digitata [21] , and the cytotoxic mycalisines, which were recovered from the sponge Mycale sp. [25] . Numerous other purines and nucleosides isolated from marine organisms and particularly from sponges display potent bioactivities, such as the marine derived 1,3-dimethylisoguanine from Amphimedon viridis which showed activity against an ovarian cancer cell line (IC 50 , 2.1 μg/mL) [22] and 3,7-dimethylisoguanine from the Caribbean sponge Agelas longissima, which displayed mild antibacterial activities [14] . However, nigricines 1 to 4 that were isolated in this study failed to show cytotoxic activity against the murine lymphoma cell line L5178Y at a concentration of 10 µg/mL. Due to the very small quantities isolated, other bioassays could not be performed. Since purine congeners have also been previously described for their specificity, as exemplified by ARA-A and ARA-C, it is still plausible that the nigricine derivatives will show some other kind of pharmacological activity, which we have failed to demonstrate in this study.
Experimental
Sponge material: Petrosia nigricans Lindgren, 1897 (Phylum: Porifera, class: Demospongiae, order: Haplosclerida, suborder: Petrosina, family: Petrosiidae) is an upright sponge, forming an irregular cup or thick incurved plate. The present specimen is approx. 30 x 30 cm, with a thickness of 3 cm. It has an optically smooth and compact inner surface, covered by a tangential ectosomal crust, and a strongly corrugated outer surface with long deep grooves and occasional fistules. The sponge is rough to the touch and the texture is hard and firm. The color is dark brown outside, while the inner side is lighter colored. The choanosome is faint yellow or off-white in color, contrasting with the dark brown outer side. The skeleton is made up of massive spicule tracts, 300-600 µm in diameter, forming rounded meshes 500 µm in diameter, on average. The ectosomal skeleton is a tangential reticulation of larger spicule bundles and loose spicules of the larger categories, with short perpendicular brushes of spicules of the smallest category. Spiculation consists of three size categories of fusiform oxeas, occasionally with blunt endings, with typical sizes 250-270 x 10-12 µm, 140-160 x 6-8 µm and 55-75 x 4-5 µm. The last are concentrated at the surface. 
General experimental procedures: ESI-and LC-MS
were obtained with a LCQ DECA mass spectrometer (ThermoFinnigan, Bremen, Germany) coupled to an Agilent 1100 HPLC system equipped with a photodiode array detector. HRESIMS were recorded on a LTQ FTMS-Orbitrap (ThermoFinnigan, Bremen, Germany) and/or Bruker Micromass QTOF 2 mass spectrometers. 1 H and 13 C NMR, DEPT and 2D-NMR, including HMQC, HMBC, COSY, and ROESY spectra, were recorded at 300º K on Bruker ARX 500 or AVANCE DMX 600 NMR spectrometers. All 1D and 2D spectra were obtained using the standard Bruker software. The samples were dissolved either in DMSO-d 6 or in CD 3 OD. The observed chemical shift values (δ) are given in ppm, and coupling constants (J) in Hz.
For HPLC analysis, samples were injected into an HPLC system coupled to a photodiode-array detector (Dionex, München, Germany). Routine detection was at 254 nm in aqueous MeOH. The separation column (125 x 4 mm, i.d.) was a Eurospher-100-C18 reversed phase column (Knauer, Berlin, Germany). Solvents were distilled before use and spectral grade solvents were used for spectroscopic measurement. TLC was performed on plates precoated with a layer thickness of 200 μm Si 60 F254 (Merck, Darmstadt, Germany). The compounds were detected from their UV absorbance (λ max 235-340 nm).
Extraction and isolation:
The lyophilized specimens of P. nigrcans (700 g dry wt) were macerated and successively extracted with 3 x 250 mL MeOH. The methanol extract (70 g) was subjected to vacuum liquid chromatography (VLC) with n-hexane, EtOAc or MeOH (or mixtures thereof of 250 mL each) as eluants. The EtOAc fraction (4 g) was re-chromatographed over a silica gel column to give 22 fractions. The EtOAc subfractions (et16, et17, and et18), showed characteristic UV spectra for purine derivatives at λ max 210 and 290 nm [14, 15, 17, 26] . Purification of the subfractions was performed on a semi-preparative Merck-HPLC apparatus equipped with a Merck Hitachi pump L-7100 and Merck Hitachi UV Detector L-7400 (Hitachi Ltd., Tokyo, Japan) using mixtures of water/methanol with 0.1% formic acid as eluting solvent over a Eurospher-100, C-18 reversed phase silica gel column (8 x 300 mm), at a flow rate of 5 mL/min. The EtOAc subfraction-et16 yielded nigricine 1 (2.3 mg). EtOAc subfraction-et17 afforded 6.1 mg of nigricine 2, whereas subfraction-et18 gave nigricine 3 (7.5 mg) and nigricine 4 (1.1 mg).
Cytotoxicity assay:
The cytotoxicity assay was carried out using L1578Y cells, as described earlier [27] .
Nigricine 1
Brown amorphous solid. UV (MeOH) λ max : 210 and 290 nm. 1 H NMR and 13 C NMR (DMSO-d 6 ): Table 1. 1 H NMR (500.1 MHz, CD 3 OD): 0.95 (3H, t, J = 6.9 Hz, H-16), 1.40 (2H, q, J = 6.9 Hz, H-15), 1.67 (2H, q, J = 6.9 Hz, H-14), 2.72 (2H, t, J = 6.3 Hz, H-11) 3.80 (3H, s, 3-NCH 3 ), 3.81 (2H, t, J = 6.3 Hz, H-10), 4.02 (3H, s, 9-NCH 3 ), 4.17 (2H, t, J = 6.9 Hz, H-13), 7.61 (1H, s H-8). 13 C NMR (125.8 MHz, CD 3 OD): 13.9 (CH 3 , C-16), 20.68 (CH 2 , C-15), 31.4 (CH 3 , 3-NCH 3 ), 31.8 (CH 2 , C-14), 34.5 (CH 3 , 9-NCH 3 ), 34.8 (CH 2 , C-11), 37.2 (CH 2 , C-10), 65.4 (CH 2 , C-13), 140.6 (CH, C-8), 115.4 (C, C-5), 142.5 (C, C-4), 157.6 (C, C-6), 158.9 (C, C-2), 173.5 (C, C-12 
